Abstract. In article the theoretical substantiation of a complex of models of the coordinated regional development is resulted, from a position of an ecological condition and economic growth, on purpose to show possibilities of use for the quantitative analysis and forecasting (allocation of tendencies of regional development of preservation of the environment -for recommendations about regional government).
Introduction
Since entering the era of industrial society, humanity has succeeded in economic development.
In conditions of the economic globalization, an adequate increase in resource costs and the release of waste into the planet's environment are caused by industrial expansion and urbanization. Since the 1960s, environmental degradation connected with economic development has attracted a lot of attention from scientists around the world. For example, in 1962, Rachel Carson, in his work "Silent Spring", discussed the growing dangers of pesticides and chemicals such as DDT. In 1972, a group of economists -members of the Club of Rome published a report "Limits of Growth". The report said that population growth, investment, food production lead to depletion of resources and pollution of the environment -this is an exponential growth. It also was stressed, that with such trend, economic growth will reach its limit in 100 years. In 1972, the first United Nations Conference on the Human Environment was held. It proposed the slogan "Only One Earth", and this was the first milestone in understanding the history of human sustainable development. In 1987, the theme of the global environment was presented in the report of the United Nations World Commission on Environment and Development (WCED) "Our Common Future" at the UN General Assembly, which proposed the formulated concept of sustainable development. In 1992, The World Bank published a World Development Report on "Development and the Environment", and the corresponding "Local Agenda 21" was adopted in the same year. In 2009, the world countries Although China is at the stage of rapid growth of its economy, since the period of reforms and openness, yet traditional development models: "high costs, high consumption, high pollution, while low quality, low efficiency, low output", or: "pollution first, recovery later"; "first destruction, then rapid growth rate depends on a large number of factors, the combined effect of which affects the production of thermal energy and the industries with intensive pollution.
The aim of the present research is to describe relations between socio-economic factors and the environmental contamination at the country level on the basis of economic and mathematical modelling and propose methods and algorithms for an empirical justification of relevant government policies for environmental protection of highly industrialized regions.
The main tasks of the research are to define effects of regional per capita income gap on different types of environmental pollution; to establish the long-term dynamic effect between GRP and environmental contamination factors; to prove the necessity of including demographic effect as a source of environmental contamination factor together with scale, structural and technological effects.
The object of research is the state of economy and the level of environmental contamination in the industrialized region of China -Hubei Province.
Research results and discussion 1. A modified Environmental Kuznets Curve (EKC) model for analysing the relationship between per capita incomes and environmental pollution, taking into account income inequality
The EKC model shows ( Fig. 1 ) that if the average per capita income is low, then the degree of environmental pollution is lower. With increasing per capita income, environmental pollution becomes serious. Environmental degradation is complicated by economic growth. When economic development reaches a certain level, that is, a critical point, or "inflection point", with subsequent increase in average per capita income, environmental pollution again becomes lower, the quality of the environment gradually improves. This situation can be described with an inverted U-shaped curve to describe the relationship between pollution and income. The EKC model was put forward by Grossman as a quadratic function. Looking at the opinions of domestic and foreign scientists, we found that there is no need for an inverted U-curve to describe the relationship between pollution and income in some regions and countries (Yanging X., 2010) . Thus, there is no urgent need to use a quadratic function to reflect the relationship between pollution and income levels. The authors first used a cubic curve in the form of a logarithm to describe the relationship between average per capita income "x" and environmental pollution "y" for formula (1) .
(1).
Where:
-estimated parameters. The following options are possible: For Fig. 2 , it can be seen that in Hubei province, the relationship of the inverted N-curve exists between GRP per capita and industrial wastewater. That is, with an increase in per capita GRP, the release of wastewater first decreases, then increases and decreases again. For Fig. 3 and Fig. 4 , we can see that the emission of industrial exhaust gas and solid waste has a constant increase with GRP per capita. The classical relationship of the inverted U-curve between the economy and the environment in Hubei province has not been established.
The authors first used a cubic curve in the form of a logarithm to describe the relationship between average per capita income X and environmental contamination Y in the form of formula (1) . Among the six variants of the relations between X and Y there is an EKC model, as a special case.
In recent years, the problem of income inequality has been increasing in many regions of China.
Therefore, the authors took into account the income inequality in the model (the Gini coefficient).
The auhors built the following model, using variables such as income, income gap and environmental contamination levels: It can be seen that an increase in income inequality can reduce water pollution; the growth in the income gap can increase air pollution. And the higher the income gap, the greater the impact of this factor. Increasing income inequality can also reduce the release of solid waste.
Summarizing the foregoing, it can be noted that the income gap has different effects on different types of pollution, the overall result of this influence is not defined. Sometimes the government can reduce income inequality through economic policies, for example, aimed at producing products that increase total resources. The government can also promote the development of enterprises in small towns to narrow the gap between urban and rural areas. But such a policy will inevitably lead to new pollution of the environment, so the government must strictly control the impact of income inequality on all types of pollution. Thus, state interventions can contribute to sustainable economic development.
Including in the VAR-model of the current values of endogenous variables
It is proposed to include in the VAR model the current values of endogenous variables to analyse the relationship between average per capita incomes and environmental contamination using the newly obtained and structured SVAR model.
The principle of the vector autoregression (VAR) model is to use each internal variable as a
function of all internal lagging variables. The model can be used to predict time series and analyse dynamic effects of random noise on the system (Aivazyan S.A., 2010). In Figure 5 , it is seen that with increasing economic growth, emissions into the atmosphere are rapidly gaining volumes, and then become smaller, after that more and less again, and ultimately stabilize. The increase in average per capita income will lead to fluctuations in air pollution and stabilize after the seventh period, which reflects the negative impact of per capita income on air pollution.
A mathematical representation of the model VAR (p):
In Fig. 6 , it is seen that with the increase in emissions to the atmosphere, economic growth is rapidly declining, and ultimately stabilizing. This shows that air pollution slows down economic development.
Source: authors' calculations based on China official statistics In Fig. 7 , the horizontal axis is time, the vertical axis is the degree of the relative contribution of the variance ( %). It is seen that the variance of the percentage of growth in industrial exhaust gas emissions, in relation to the growth of per capita GRP, is stable around 90 % after the second period. This shows that economic growth has a huge impact on increasing air pollution. This reflects that the current state of economic growth in Hubei strongly depends on the investment climate, lack of technology, high energy consumption and environmental contamination. This does not lead to sustainable economic development. It is necessary to change the situation of economic growth, increase production efficiency and optimize the utilization of waste.
The new modified model SVAR allows to establish dependence of value of a variable from its own lags and lags of other variables. This allows one to make a structure that can cover more characteristics of the variable. The impulse response function can describe the effect of the system in case of noise changes, and analysis of the variance decomposition describes the degree of contribution of a particular burst. Thus, the model reflects the long-term dynamic effect between economic and environmental variables.
Including of demographic factors in the decomposition model of the overall environmental contamination
Grossman and Krueger (Juan L., Ilchenko A. N., 2014) note that economic growth can affect environmental contamination through three channels: the effect of scale, the structural effect and the technological effect. They formed the dynamic equations for the decomposition process of the influence factor of the waste produced. For China, the population reproduction is very important for social development. The large population of China affects the environment and economic development. Therefore, the authors added a demographic factor to the model (Figure 8 ). The authors have carried out the necessary mathematical transformations to reveal the structure of the model (eJuan L., Ilchenko A. N., 2014). Thus, the level of pollution is determined by four economic factors that can be reflected as:
. In the right side of the equation: the scale effect, the demographic effect, the structural effect and the technical effect. To calculate the integral, the authors use the Logarithmic Mean Division Index (LMDI) method. The logarithmic mean function is used as a weight. Table 1 shows the results of the decomposition, using the example of contamination with industrial exhaust gas emission. Similarly, decomposition of the total pollution factor for industrial wastewater emission and industrial solid waste emission is calculated (Juan L., Ilchenko A. N., 2014).
The overall effect of industrial wastewater emission (exhaust gas emission, industrial solid waste emission) Table 1 The authors' results of the decomposition of the general contamination factor, in terms of industrial exhaust gas emission in Hubei Province in 2000-2014 (Units: 100 million cubic meters)
In work (Juan L., Ilchenko A. N., 2014), the hypothesis of the possibility of decomposition of the general polluting effect into economic system-forming factors -the scale effect of production, economics sectoral structure effect and technological conformity (scientific and technological progress) effect -is analysed. For the conditions of China, where the population is very large, the authors added demographic factors to the Grossman-Kruger model. The model for decomposition of environmental contamination thus included 4 economic factors: scale effect, demographic effect, structural effect and technological effect. Thus, the authors modified the Grossman-Krueger model and experimentally confirmed the validity of the set hypothesis.
Conclusions
The constructed complex of mathematical models, including a system of integrated appraisal indices, reflects the realities and opportunities for a balanced development of highly industrial territories, both from the standpoint of economic growth and ecology. The theoretical methodology for analysing the problem of the relationship between the economic indicators of the development of the territory and the factors of environmental protection, based on the modern apparatus of applied econometrics, also has promising practical application. The proposed methods, algorithms, methods provide an empirical justification for the formulation and implementation of relevant policies: sustainable economic development and environmental protection in the industrialized regions of different countries.
